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ADataparallel, custom ISA extension to RM@ith a configurable
AS|Eocused implementation

ADeveloped to research energyficient implementation of vector
architecture

ASeveral versions over the years with this the most recent being V4

ARocketchip based accelerator withinutils, Ilvm-backend FireSim
and ASIC VLSI support

AOpensourced now!
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Key Ideas in Vector Archltectur\ééPT

ARuntimevariable vector length register
ACompact, portable code
AHardware implementation scalability
AReasonable encoding space usage

ALong vectors with temporal and spatial execution
AScalasvector computation

AConfigurable register file
ATrade architectural registers for longer vector lengths
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AGoal: Maximize efficiency of-rder vector microarchitecture
AAccess/execute decoupling

APrecisiorreconfigurable vector RF to increase vector lengths
APredication and consensual branches to enable control flow
AMixed scalatvector computation

AMixed-precision registers andatapaths

AOS support with unified virtual memory anestartableexceptions

HwachaKey ldeas
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HwachaArchitecture Overview AD“’T

Shared Registers Vector Registers
vs0/zero vv0
AConfigurable vector data and
predicate register files ot s
AFixed number of address and sc:
registers o
AUnit-stride, constanistride,

Indexed load/stores s S S S
AFull set of half, single, double FP chomoE e e

Address Registers Predicate Registers
integer, and predicate operations—_ 0
va vp
vaz vp2
va3 : : : : : : :
vad vp15 | | I | | | |
vao [0] [1] 21 3] v [vlen-1]
vab
: Vector Configuration Register Vector Length Register

va.3l | vcfg | | vlen |
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Vector Fetch Programming model

ASeparate vector instructions from scalar control thread

AVectorfetch instruction vf , sends address from control thread to
vector unit

AVector unit fetches and decodes separate instruction stream
AControl processor runs ahead engueuing more work, hiding latency

Vector
Iq
CP || = '
| Eercrl]Ji'ilon .

VI$

Vector Unit




stripmine

vmces vsO, al

vsetvl  t0, a0
vmca vao, a2

vmca val, a3

vf  saxpy

slli t1, tO, 2

add a2, a2, tl

add a3, a3, tl

sub a0, a0, t0

bnez a0, stripmine

Control Thread

ADEPT @ ‘

saxpy :

vima.svv

vstop

Worker Thread

viw wv0, va0
viw wvl, val
vvl, vsO, woO, vvl
vsw wvl, val

cP - |||>

Vector
Execution
Unit

|

Vi$

Vector Unit

for (i=0; i<n; i++) {

yli] = a*x[i] + y[il;

}
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sub a0, a0, t0

bnez a0, stripmine

Control Thread

ADEPT @ ‘

saxpy :

vima.svv
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stripmine

vmss vsO, al

vsetvl  t0, a0
vmsa vao0, a2

vmsa val, a3

vf saxpy

slli t1, tO, 2

add a2, a2, tl

add a3, a3, tl

sub a0, a0, t0

bnez a0, stripmine

Control Thread

ADEPT @ ‘

saxpy :

vima.svv

vstop

Worker Thread

viw wv0, va0
viw wvl, val
vvl, vsO, woO, vvl
vsw wvl, val

CP [=>|||>

Vector
Execution
Unit

|

Vi$

Vector Unit

for (i=0; i<n; i++) {

yli] = a*x[i] + y[il;

}
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stripmine

vmces vsO, al

vsetvl 10, a0
vmca va0, a2

vmca val, a3

vf saxpy

sli t1, t0, 2

add a2, a2, tl

add a3, a3, tl

sub a0, a0, t0

bnez a0, stripmine

Control Thread

ADEPT @ ‘

saxpy :

vima.svv

vstop

Worker Thread

viw wv0, va0
viw wvl, val
vvl, vsO, vwoO, vl
vsw wvl, val

cP - |||>

Vector
Execution
Unit

il

VI$

Vector Unit

for (i=0; i<n; i++) {

yli] = a*x[i] + y[il;

}
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> Scalar v} vi vi v4
VCMDO Execution Vector Unit 0 Vector Unit 1 Vector Unit 2 Vector Unit N
< <PREQQ Unit (SXU) Vector Execution Vector Execution Vector Execution Vector Execution
CPRESD I _at — Unit (VXU) Unit (VXU) Unit (VXU) Unit (VXU)
—> Q Fo oo Sequencer/ Sequencer/ Sequencer/ Sequencer/
_________ Expander Expander Expander Expander
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Runahead I [ ly---C ] [ iy---C ] [ y--C ] [ y--C ]
VREMDQ Unit (VRU) w - - E_’ T I:_) I F_, I lj
I N hvd
[ C-Ca "lC \ / \ / \ / \ /
P ) E—— Scalar
vA Memory
41KB Unit Vector Memory Vector Memory Vector Memory Vector Memory
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A A A A A A
A J Y Y Y Y Y Y
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Decoupling
CcP
vsetcfg
| | o
B vsetvl
vmca
i vmca
vf viw
— viw
VY vima.sw
vmca vew
i+1 mea
vstop
vi Vv
— viw

17

Hwacha Vector Unit (VU)
Pr?:gggglor R N b Vector Runahead N
> S -
(CP) Unit (VRU)
I
Vector Execution Unit (VXU) VIS
g [ N
a1y — vl B
afd e
I v?
Vector Memory Unit (VMU)
outer memory system (L2$)

AExploit regularity of constargtride vector memory
accesses for aggressive yet accurate prefetching

A Extensive decoupling in microarchitecture to
tolerate latency and resolve memory references as
early as possible
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Hwacha Vector Unit (VU)

Control
Processor
(CP)

................... Vector Runahead L5

vsetcfg
2| o=
B vsetvl
vmca
i vmea
vf viw
[ viw
SR vima.sw
vmca vew
1 vmca vstop
i viw
— viw
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------------------- Unit(VRU) -
|
VIS

_’
> —

| v 1

Vector Memory Unit (VMU)
outer memory system (L2$)

Beforestripmineloop, control thread pushes
scalar register write to VXU command queue
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Decoupling

i+1
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Hwacha Vector Unit (VU)
VEEEE Contol | | | F—— VectorRunahead  |»
vmes Pro(c(::e;)sor - ,»} > aprio eijnrit(\l;;z)% —
= [
vsetvi Vector Execution Unit (VXU) VIS
e ’} | s —>
wvca | | T e Vi T
] —
ve o viw
I v 1

had Vector Memory Unit (VMU)
VY vima.sw y Y
moa = outelymemory system (L2$) B

vstop :
v I Vector length updates, address register

W writes, and vector fetch commands pushed

to both queues for eachtripmineiteration
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Decoupling
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vsetcfg
t| | e
B vsetvl
vmca
i vmea
vf viw
[ viw
VY vima.sw
vmca vew
i+1 e o
vi viw
— viw

Hwacha Vector Unit (VU)
pr%gzgglor JITL  gfi]  VectorRunahead
“T1HITl Al . ‘_
(CP) Unit (VRU)
Pt aum
o / Vector Execution Unit (VXU) VIS
A —— |
L] S )
(7 T
afrm
| v?
Vector Memory Unit (VMU)
outer memory system (L2$)

VRUprefetchesinstructions and pre
executes vector loads, refilling L2 cache
ahead of VMU access
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i+1
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Hwacha Vector Unit (VU)
e pr%gzgglor JITL  gfi]  VectorRunahead
vmes cp | ||| B Unit (VRU) ]
I
vsetvi Vector Execution Unit (VXU) VIS
ma N R -
wea | 4 — v N
| S—
vf viw
I vt
v had Vector Memory Unit (VMU)
vse vima.sw y Y
vmca v v
mea e outer memory system (L2$)
vstop .
v W VMU moves data from L2 cache into
o vector register file when eventually

needed; overlaps with VXU computation
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Decoupling

i+1

vsetcfg

vIMcs

vsetvi
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Hwacha Vector Unit (VU)
prigzgglor wl[[bl a e  VectorRunahead
osssor P el Unit (VRU) M
[
VI$
—’
P Allly i
/ I =
Vector Memory Unit (VMU)
outer memory system (L2$)

Control processor runs ahead of vector
unit to next iteration

A Performs address computations
A Pushes next vector fetch command
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Decoupling

Hwacha Vector Unit (VU)
: VEEEE Prcégzgglor JTTL o] VectorRunahead
. | VIMeS (CP) v ap Unlt(VRU) l—
|
[ vsetvl Vi$
|| -
vf viv
| v 1
— Vv Vector Memory Unit (VMU)
VY vima.sw y Y
j+1 o = outelymemory system (L2$) i
Vpr N N N
" fw v}/ VRUprefetchesnext iteration while
N w ¥ VXU remains busy with previous one
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Reconfigurable Vector Register File

ASoftware specifies number of vector data and predicate registers
AHardware dynamically remaps elements to physical storage

vvO0[0]

vv0[0]

vvO[1]

vvO[1]

vv1[0]

vvO0[2]

vvl[1]

vv0[3]

vv2[0]

vv1[0]

vv2[1]

vvl[l]

vv3[0]

vvl[2]

vv3[1]

vvl1[3]

vsetcfg 4
vlen =2

vsetcfg 2
vlen =4

A Maximum hardware vector
length automatically extends
to fill available capacity

A Exchange unused architectural
registers for longer hardware
vectors



Mixed-Precision Support

AConfigurable element widths for individual vector registers

ASubwordregister packing and alignment of mixec
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2cision operands

are managed by hardwaresoftware remains fully oblivious

vv0[0]

vvO[1]

vvO0([0]

vv1[0]

vvO[1]

vvl[l]

vvO0([2]

vv2[0]

vv0[3]

vv2[1]

vv1[0]

vv3[0]

vvl[1]

vv3[1]

vvl|2]

vv1[3]

( N )
vv0[0] vv0([0]
vvO[1] vVvO[1]
wv0[2] vv0[2]
vv0[3] vv0[3]
vv1[0] vvO[4]
vvl[1] vvl[1] vvl1[0]
vvl[2] vvl1[3] vvl[2]
vvl1[3] vv1[4]
N\ \ J
vsetcfg 1,1

vien =5
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AComk)/Iact register file of four 1R/AW
SRAM banks

APerbank integer ALU/PLU

ATwo independently scheduled FMA
clusters

A Total of four doubleprecision FMAs
per cycle
APipelined integer multiplier

AVariablelatency decoupled
functional units

A Integer divide
A Floatingpoint divide with square root
A Reduction

Vector Lane Organization



